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Expression of insulin receptor isoforms in honey bee
(Apis mellifera) caste development
Klaus Hartfelder, Sergio V. Azevedo
Universidade de São Paulo, Ribeirão Preto, Brazil
An animal's final body size is the result of complex geno-
type–environment interaction in which insulin signaling (IIS)
plays a key role. Caste polyphenisms, as the one between queen
and worker honey bees, are not based on genotype but are
triggered by nutrition during larval growth. This affects the
juvenile hormone titer, resulting in differences in the adults,
especially in the reproductive system. The Honeybee Genome
Sequencing Project now allowed the identification of further
potential regulators of caste development, including all major
IIS components. Of particular interest was the detection of two
genes coding for insulin receptors, InR-1 and InR-2, which sets
the honey bee apart from Drosophila and other insects, which
have a single InR. We analyzed transcript levels of the two
honey bee InRs by qRT-PCR from the third (L3) until the end of
the fifth larval instar (L5) in whole body and in ovary RNA. For
whole body samples, transcript levels for both InRs were
generally higher in workers than in queens, contrary to what we
expected from their growth rates. In ovaries, InR-1 transcript
levels gradually increased in workers and were generally higher
than in queens. InR-2 levels were drastically elevated in ovaries
of L4 workers, but thereafter they were lower than in queens.
The observed complex modulation in InR expression levels in
the two honey bee castes indicates strong involvement in the
regulation of body and organ growth and also defies current
ideas on mechanisms underlying caste development, especially
those based on juvenile hormone action.
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Role of the hypoxia–response pathway on cell size
determination and growth control
Andres Dekanty, Lazaro Centanin, Pablo Wappner
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HIF is a master regulator of the cellular response to hypoxia.
It is regulated at the level of protein degradation in an oxygen-
dependent manner, which in turn depends on specific HIF-
prolyl hydroxylases (PHDs). We have demonstrated the occur-
rence of a hypoxia-responsive system homologous to HIF in
Drosophila melanogaster, being the proteins Sima and Tango
the HIF-a and b homologues, respectively. We have shown that
Sima regulation by oxygen is conserved and identified the gene
fatiga as the PHD homologue in the fly. To gain insights on the
regulation of the transcriptional response to hypoxia, we have
performed a genome wide dsRNA-based screen in Drosophila
S2 cells using a hypoxia-inducible luciferase reporter. The
screen led to the identification of novel genes presumably re-
quired for the response to hypoxia, among which we have
identified components of the insulin-signaling pathway. We
have demonstrated both in cell culture and in living embryos,
that insulin is a potent activator of Sima-dependent transcrip-
tion. This effect is mediated by the PI3K/TOR pathways and
involves accumulation of Sima protein as well as its enhanced
nuclear localization. It has been shown that PI3K and TOR
pathways play a fundamental role in growth regulation.
Increased activity promotes growth, while diminished signaling
leads to cell and body size reduction. Interestingly, we have
found that fatiga loss-of-function leads to body size reduction
but fatiga sima double mutants display normal size. Consistent
with this, Sima flip-out overexpression led to cell size reduction,
strongly suggesting that Sima is a cell autonomous negative
regulator of growth.
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New transcription factors in the Jun kinase pathway
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We have characterized several transcription factors in the
Jun-N-Terminal kinase pathway, a pathway required for some
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